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(57) A no polarization dependent waveguide type 
optical circuit can resolve polarization dependency com- 
pletely and can reduce reflected return light. An inter- 
mediate portion of the two connecting waveguide (9) ; 
(10) are formed with S-shaped waveguides of the same 
shape consisted of respectively two curved waveguides 
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straight waveguides (9C):(9F), (IOC), (10F) connecting 
the curved, waveguides. One or two polarization mode 
converters are provided in a groove (11 ) formed across 
the S-shaped wavoguido, and a perpendicular Sine to an 
incident surface of light of the polarization mode con- 
verter (12) and the S-shaped waveguide forms an angle 
greater than 0° . 
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Description 

4 

[0001] The present invention relates generally to a 
waveguide type optical circuit to be employed in. con- 
struction of an optical communication system, an optical 
information processing system and so forth. More par- 
_ ticularly, the invention relates to. a technology effective 
in application for a no polarization wave dependent 
waveguide type optical circuit having no polarized wave 
dependency. 

[0002] Conventionally, associating with development 
of an optical communication technology, research and 
development has been made for various optical parts. 
Amongst, a waveguide type optical parts based on an 
optical waveguide on a flat substrate is the most impor- 
tant part. The reason is that the waveguidse type optical 
part has a feature to be easily manufactured witti high 
reproductivityjachi^ less than or equal 

to an optical wavelength by a photolithographic technol- 
ogy and fine machining technology. 
[0003] For example, a waveguide type Mach-Zehnder 
.interferometer optical circuit is constructed with two op- 
tical couplers on the substrate and two connection 
waveguides connecting connecting these two optical 
coupler. By controlling opticai path, length difference and 
interference between two waveguide type phase condi- 
tion, various functions can be realized. Such optical cir- 
cuit has wide application fields, and has beenputjrito 
practical use. , % . 

[0004] Figs. 9A and 9B, show an example of the con- 
ventional waveguide type .Mach-Zehnder . interferom- 
eter. Fig. 9 A is a plan yiew_ and Fig. 9B shows a section 
taken along line IXB - IXB in Fig. 9A. 
[0005] As shown in Fig. 9 A, the Mach-Zehnder inter- 
ferometer is constructed with a first input waveguide .23 
, and second input waveguide 24 formed in,a clad 22 of 
a silicon substrate 21, a first directional coupler 25 
formed by placing the first input waveguide 23 and the 
second input waveguide 24 to,be proximal with each 
. other, a first output waveguide 26 and a second output 
. waveguide 27, a second directional coupler 28 formed 
by placing the first output waveguide 26 and the second 
output waveguide 27 proximal with each other, first con- 
necting waveguide 39 and second connecting 
waveguide 40 connecting the first directional coupler 25 
and second directional coupler 28, and a thermo-optic 
phase shifter 41 (thin film heater). As a material for form- 
ing the optical waveguide, a fused silica prepared by 
way of flame hydrolysis deposition is used. As shown in 
Fig. 9B, the section is that a core having a section of 7 
jim x 7 urn, for example the first connecting waveguide 
39 and the second connecting waveguide 40, is embed- 
ded at substantially center portion of a clad 22 of 50 u,m 
thick deposited on the silicon substrate 21 . A difference 
of refraction indexes of the clad and the core is 0.75%. 
[0006] As the first directional coupler 25 and the sec- 
ond directional coupler 28, rt is typical to employ 3dB 
coupler set a branching ratio of 1 , : 1 . A light input from 



the input waveguide is equally divided by the first direc- 
tional coupler 25 and propagated to the first connecting 
waveguide 39 and the second connecting waveguide 
40. The light propagated to the first connecting 
5 waveguide 39 and the second connecting waveguide 40 
are combined to cause mutual interference in the sec- 
ond directional coupler 28. The light combined by the 
second directional coupler 28 is variable of amont of 
light to be output to the first output waveguide 26 and 
10 the second output waveguide 27 respectively depend- 
ing upon phase condition at that time. For example, 
when a light having a wavelength X from the first input 
waveguide 23 is equally divided by the first directional 
.coupler 25and combined in the second directional cou- 
« pier 28, if the phase error of two lights is 0 or an integer 
multiple of the wavelength X, the combined light is output 
from the second output waveguide 27. On the. other 
.. hand, when the phase error of the combined two lights 
. is odd number multiple of the half-wavelength (X /2), the 
< 20 . combined light is output from the first output waveguide 
e 26. Furthermore, when the phase error of the combined 
s fight is the intermediate condition of the condition set 
..forth above, namely when the phase error is neighter 0, 
integer, multiple ; of the wavelength X nor odd number 
.multiple of the half wavelength, the light is output from 
, both. of the. first output waveguide 26 and the second 
. output waveguide 27 at a ratio depending upon the in- 
stantaneous condition. 

[0007] Assuming an optical path length difference be- 
r 30 tween the first connecting waveguide 39 and the second 

i connecting waveguide 40 is AL, the Mach-Zehnder 

- interferometer, as shown in Fig. 9A,in which the optical 
path, length difference AL is 0 or approximately half 

-wavelength of the wavelength of the light may operate 
& as an optical attenuator or.an optical switch by providing 
a thin film header operating as the rmo-optic phase shift- 
er 41 on the first connecting waveguide 39. 
[0008] Fig. 10 is an illustration for explaining charac- 
teristics of the conventional. Mach-Zehnder interferom- 
• 40 . eter optica! circuit, in which may operate thermo-optic 
phase shifter 41 in case of the optical path length differ- 
ence AL is 0. When thermo-optic phase shifter 41 may 

onot.operate, a light input from the first input waveguide 
23 output from the second output waveguide 27. Thus, 
■- 45 . when the optical path length is effectively increased by 

..heating the first connecting waveguide 39 by operating 
the thermo-optic phase shifter 41 (thin film heater) to 
increase refraction index of the first connecting wave 

> guide 39 by thermo-optic effect, a part of the incident 
50 Hght from the first input waveguide 23 is output to the 

i first connecting waveguide 39. When the optical path 
length difference AL becomes half wavelength by ad- 

. justing a temperature of the first connecting waveguide 
39, all, of. the incident light from the first input waveguide 
, 55 .23 is output to the first output waveguide 26. Thus, by 
.variabry adjusting. the optical path length difference AL 

r of , two. connecting waveguides from 0 to have wave- 
length, using the thermo-optic phase shifter 41, it be- 
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comes possible to operate as the optical attenuator. On 
the other hand, by using the optical path length differ- 
ence AL of two connecting waveguides only at 0 and 
half wavelength, it can be operated as special optical 
switch. An electrical power required for switching by the 
optical switch is about 0.5W in case the thin film heater 
of 5 mm length and 50 |±rn width. On the other hand, a 
temperature elevation of the thin film feature is about 30 
°C. 

[0009] The Mach-Zehnderintewrferometer optical cir- 
cuit having the optical path length difference AL of two 
connecting waveguides greater than or equal to several 
|im, it can be operated as a wavelength filter. Fig. 11 is 
a plan view showing a general construction of the asym- 
metric Mach-Zehnder interferometer optical circuit. The 
asymmetric Mach-Zehnder interferometer opticai circuit 
is constructed with the first input waveguide 23 and sec- 
ond input waveguide 24 fabricated on the clad 22 on the 
silicon substrate 21 , a first directional coupler 25 formed 
by placing the first input waveguide 23 and the second 
input waveguide 24 to be proximal with each other, the 
first output waveguide 26 and a secorid :; output 
waveguide 27, the second directional coupler 28 formed 
by placing the first output waveguide 26 and the second 
output waveguide 27 proximal with each other,' first con- 
necting waveguide 39 and second" connecting 
waveguide 40 connecting the first directional coupler 25 
and second directional coupler 28. As a 'material for 
forming the optical waveguide, a fused silica prepared 
by way of flame hydrolysis deposition is used. As shown 
in Fig. 9B, the section is that a core having a section of 
7u.m x 7 |im, for example the first connecting waveguide 
39 and the second connecting waveguide 40, is'erhbed- 
ded at substantially center portion of a clad 22 of 50 jim 
thick deposited on the silicon substrate 21 . A difference 
of refraction indexes of the clad and the core is' 0.75%. 
For example, among incident light from the first input 
waveguide 23, the light having wavelength, at which the 
optical path length difference AL between the connect- 
ing waveguides is just 2N times (N is integer) of the 
wavelength, is output from the second output 
waveguide 27, and in case of 2(f\M ) times, output from 
the first output waveguide 26. For example, when the 
optical path length difference AL is about 1 .48 mmit op- 
erates as a wavelength filter having a period of 200 GHz 
(1 .6 nm in wavelength). Fig. 12 is a conceptual illustra- 
tion of the wavelength characteristics in the case used 
as the wavelength filter. 

[0010] Here : as shown in Figs. 10 and 12, in case of 
the Mach-Zehnder interferometer optical circuit, the 
electric power of the thermo-optic phase shifter 41 arid 
the switching power to obtain the same attenuation 
amount is variable depending upon condition of polari- 
zation of the incideni light from the input waveguide, in 
the case of the optical attenuator or the optical switch 
having the optical path length difference AL of Oof about 
half wavelength. In case of the wavelength filter-having 
greater AL, the period of the wavelength and the position 



of the peak (wavelength) are variable. This is the reason 
set forth below. 

[001 1 ] Namely, in case of the optical attenuator or the 
optical switch having the optical path length difference 

5 * aL of 0 or about half wavelength, it is the cause in that 
optical effect of the thermal stress generated by the ther- 
mo-optic phase shifter is differentiated depending upon 
respective polarization. More particularly, the foregoing 
" is cased by the following mechanism. When the thermo- 

10 optic phase shifter is operated, the generated heat is 
diffused to the circumference, and tends to propagate 
in substance having high thermal conductivity. Thermal 
conductivity of air is2.61 x 10-4 W/(cm.deg), and ther- 
mal conductivity of the glass waveguide forming the 

is Mach-Zehnder interferometer optical circuit is 0.01 4 W/ 
um.deg), and the thermal conductivity of the silicon sub- 
strate is 1 .70 VWcm.deg), the heat generated in the ther- 
rno-optb phase shifter 41 is diffused mainly in the glass 
'waveguide to be transmitted to the silicon substrate 21 . 

20 Since the thermal conductivity of the silicon substrate 
' 2T is quite hig+i, the heat flows substantially perpendic- 
ularly to the silicon substrate 21 and a little heat is dif- 
fused to the circumference. Therefore, the connecting 
Waveguide immediately below the thermo-optic phase 

25 ° shifter 41 is efficiently Heated and'the circumference 
thereof is locally expanded. ' 

[0012J The glass waveguide is subject to large com- 
pression stress in'horizbntai direction with respect to the 
silicon substrate due to different of thermal expansion 

30 coefficients in comparison' with the silicon substrate in 
the process of fabrication of the waveguide, in which the 
glass waveguide is once 'heated at a temperature higher 
than or equal to 1 000 °C and then cooied up to the nor- 
mal temperature; Accordingly, the locally expanded pe- 

35 ripheral portion of the connecting waveguide receives 
new compression stress from the silicon substrate in a 
*" direction parallel to the substrate. Therefore, in addition 
to variation of the refraction index due to temperature 
elevation, variation of the refraction index due to the 

40 compression stress is caused. Variation of the refraction 
"index due to variation of the compression stress due is 
■ referred to as photoelastic effect and is expressed by 
the following equation (1). 

45 - - : " ' 

.AnTE = (Anx) = CI Aaxx + C2(Aoyy + Aazz) 

AnTM - {Any) = C1 Aayy + C2(Acxx + Aazz) 

so 

Wherein x is a direction parallel to the silicon substrate, 
y is a direction perpendicular to the silicon substrate, z 
is a waveguide direction of the light, Aaxx, Aayy, A a zz 
are respective stress variation amount in x direction, y 
55 direction and z direction, in which tensile stress is ex- 
pressed by positive value. AnTE is a refraction index 
"sensed by a light having electric field component in x 
direction parallel to the silicon substrate (hereinafter re- 
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ferred to as TE mode light), AnTM is a refraction index 
sensed by a tight having magnetic field component in x 
direction parallel to the silicon substrate (hereinafter re- 
ferred to as TM mode light), C1 and C2 are photoelastic 
coefficient of fused silica, C1 = -0.74 x 10* mm 2 • kg, 
C2 = -4.1 x 10-5 mm 2 . kg. . : 

. [0013] As can be seen from the foregoing equation 1 , 
when a compression stress is applied in a direction par- 
allel to the silicon substrate, stress variation A oxx is 
caused to increase refraction index of the glass 
waveguide, At this time, variation amount of the refrac- 
tion index is different between theTE mode light and the 
TM mode light for difference of the photoefastic coeffi- 
cients C1 and C2. Variation amount AnTM of the TM 
mode tight is greater than the variation amount AnTE of 
the.TE mode light. Namely, when, . the. thermo-optic 
phase shifter 41. te driven, in, addition to variation of re- 
fraction index due to thermo- optic effect, -by variation of 
the refraclion.index due to local thermal stress, variation 
.-oHhe.refractipn 'index of the TM mode light becomes 
greater than that of the TE mode light - so 4hat optical 
variation of the TM mode light is progressed rnpre q uick- 
ly, than the TE mode light. A drive power of the the rmp- 
optic phase shifter 41 to have the same optical output 
is smaller.than the TM mode light in the extent of ;about 
, 4%. Accordingly, by employing the Mach-Zehnder.in.tor- 
. ferometer optical circuit having the ..optical path length 
difference AL of two connection waveguide as variable 
optical attenuator to attenuate the TE mode light for-10 
,dB, the TM mode light is attenuated about 11.5 dBto 
differentiate attenuation amount depending. upon varia- 
tion of polarization surface of the incident Ijght of the op- 
tical attenuator. r ,'- * 
, [0014] On the other hand, in, case of the Mach-Zeh- 
nder .interferometer optica I. circuit having large, the opti- 
cal path length difference AL iof the- connection 
waveguide, effective optical path length difference be- 
tween the connection waveguide, is expressed by the 
following equation (2): 

" ' AL= Al - n ' ; ~ 

In the foregoing equation 2, Al is a physical optical path 
length difference of the connection waveguide, n is the 
refraction index of the connection, waveguide.- Due to 
large compression stress in x direction exerted from the 
silicon substrate 21 , the . refraction index of the 
waveguide is expressed by the following equations (3) 

' ■' nTE = nO + AnTE 



nTM = n0 + AnTM 

In the foregoing equations (3), nO is a refraction index 
of the waveguide when no stress . is applied, AnTE and 



A nTM are respectively variation amount of refraction 
indexes of the TE mode and the TM modes due to stress 
obtained from the foregoing equation (1). 
[0015] Comparing the variation amount AnTE of re- 

5 fraction index of the TE mode light and the variation 
amount A nTM of the refraction index of the TM mode 
light, the variation amount AnTM of the refraction index 
of the TM mode light is greater. Therefore, the optical 
path length difference between the connection 

10 waveguides. is effectively greater in the TM mode light 
than the TE mode light. When the optical circuit is em- 
- ployed as the wavelength filter, the wavelength X in out- 
putting the incident light from the first input waveguide 
23 to the second output waveguide 27 satisfies the fol- 

15 lowing equation (4): 

AL = 2NX. 

20 ^wherein N is integer. 

^ Since variation amount AnTE of the refraction index of 
-the TE mode light and the variation amount AnTM of the 
refraction index of the TM mode light are different in val- 
.ues, the wavelength to be output is different depending 

25 upon polarization condition of the incident light. On the 
other hand, a difference A X between the period the 
wavelength to- output, namely wavelength to output and 
4 the shut; off wavelength is expressed by the following 
equation (5): - 

30 

■ \ = X 2 /2nAl 

For example, assuming that the physical optical path 
35 length difference Al of the connecting waveguide is 20.4 
mm and the wavelength X of the incident light is 1 .55u.m, 
the period A A. of the wavelength becomes 0.04 nm from 
the foregoing equation (5). However, since the refraction 
index is differentdepending upon polarization condition, 
40 the period is differentiated depending upon the polari- 
zation condition. From, these reason, even if a light of 
certain wavelength can be separated in the TE mode, 
for example, the TM mode light cannot be separated. 
[0016] As a solution for,this problem, there is a metri- 
cs .od to insert a half -wave, plate at the center of two con- 
nection; waveguides of the Mach-Zehnder interferom- 
eter optical circuit. By this, the incident light in the TE 
mode is converted into the TM mode at the intermediate 
position of the connection waveguide, and the incident 
50 light of TM mode is converted into TE mode. Therefore, 
Jqr incident light of either polarization, the connection 
waveguide is effectively the same length. Therefore, po- 
. larization dependency can be resolved. 
[0p17J Fig. 13 shows an example of the no polariza- 
55 .tipn dependent waveguide type Mach-Zehnder interfer- 
ometer optical circuit resolving the polarization depend- 
ency by insertion of the half-wave plate. The Mach-Zeh- 
nder interferometer optical circuit shown in Fig. 13 is 
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constructed with a first input waveguide 23 and second 
input waveguide formed in a clad 22 of a silicon sub- 
strate 21 , the first output waveguide 26 and the second 
output waveguide 27, the first directional coupler 25 and 
the second directional coupler 28, first connecting wave 
guide 39A, first connecting wave guide 39B, second 
waveguide 40A, second waveguide 40B and thermo- 
optic phase shifter 41 A and thermo-optic phase shifter 
41 B (thin film heater) and thin film type ha If -wave plate 
32 inserted into the half-wave plate receptacle groove 
31 formed at the center of the optical path of each con- 
necting waveguide. As the first directional coupler 25 
and the second directional coupler 28, 3 dB coupler is 
employed. 

[001 8] I n fabrication of the half -wave plate receptacle 
groove 31, reactive ion etching or machining, such as 
dicing saw and so forth is employed. After insertion into 
the half -wave plate receptacle groove 31 . the thin film 
type half-wave plate 32 is fixed by optical bond or the 
like. The half -wave plate may be a crystal, such as cal- 
cite. However, since the ihickness becomes abouv 1 00 
fim including the glass substrate holding the crystal to 
have large loss. Therefore, it is typical to use the thin 
film type half-wave plate 32 as thin fiim provided bire- 
fringency by drawing a potyimide film. As a' result, while 
loss is slightly increased, as optical characteristics of the 
Mach-Zehnder interferometer optical circuii.'an average 
value of the TE mode light and the Tlvl mode light 'as 
shown in Figs 10 and 12 is obtained to resolve polari- 
zation dependency. 

[0019] While the foregoing description has been given 
for the Mach-Zehnder interferometer optical circuit, sim- 
ilar effect can be expected even in other circuit, such as 
arrayed waveguide grating optical circuit. Fig. 1 5 shows 
an example of no polarization dependency arrayed 
waveguide grating optical circuit resolving the polariza- 
tion dependency. The arrayed waveguide grating optical 
circuit is constructed with an input waveguide cluster 34, 
a output waveguide cluster 36, a first slab waveguide 
35, a second slab waveguide 37, the hatf-wave plate re- 
ceptacle groove 31 , the thin film type half -wave plate 32, 
a first arrayed waveguide 42A and a second arrayed 
waveguide 42B between the first slab waveguide 35 and 
the second slab waveguide 37. 

[0020] The first arrayed waveguide 42A and the sec- 
ond arrayed waveguide 42B are provided a giver, optical 
path length difference AL between adjacent 
waveguides. A light of certain wavelength incided from 
the input waveguide cluster 34 is diffracted at an inlet of 
the first slab waveguide 35 to spread in the first slab 
waveguide 35 and output to the first arrayed waveguide 
42A. The light propagated to the first arrayed waveguide 
42 A and the second arrayed waveguide 42 B reaches 
the second slab waveguide 37. However, since the giv- 
en optical path length difference AL is provided between 
adjacent waveguides in the arrayed waveguide, the light 
reaches the second slab waveguide 37 with a phase dif- 
ference corresponding to the optical path length differ- 



ence. The light entering into the second slab waveguide 
37' is diffracted and spread. However, the light output 
from respective arrayed waveguides interfere with each 
other to diffract toward a direction (diffraction angle) 
s where wave surface of light is arranged as a whole, to 
converge at a connecting portion with the output 
waveguide. By arranging the output waveguide at this 
position, the iight of the wavelength set forth above can 
be branched. Since velocity of the light is variable de- 
10 pending upon wavelength, the phase difference provid- 
ed by the arrayed waveguide is different to differentiate 
the convergence position depending upon the wave- 
length. Namely, the by connecting the output waveguide 
cluster 36 aggregating the output waveguides at the 
*5 convergence position of the lights of respective wave- 
lengths to the second slab waveguide 37, the iights of 
different wave lengths can be output from respective out- 
put waveguides. ' 

"-[0021] Here, the effective optical path length differ- 
'20 erice aL of the arrayed waveguide is different in the TE 
mode wave and theTM mode wave due to compression 
stress exerted by the silicon substrate. Accordingly, the 
wavelength output to certain output waveguide is differ- 

' entiated by polarization condition. Therefore, by insert- 
's ; ihg ihe thin fiim type half-wave plate 32 at the interme- 
diate position in the arrayed waveguide, the optical path 
length ' differences of the arrayed waveguide can be 
made equal for either polarized light. 

' [0022] The method for resolving polarization depend- 
30 ^-ency by insertingthe haff-wave plate is a method appli- 
cable for other optical circuit, such as ring resonator, di- 
rectional coupler and so forth. 

[0023] However, in the prior art, in order to remove 
polarization dependency by the thin film type halt-wave 

35 plate 32, the thin film type half -wave plate 32 has to be 
inserted strictly at ihe center of axial symmetry. Thus, it 
is typical to layout the optical circuit with maintaining ax- 
ial symmetry. Accordingly, the ha If -wave plate recepta- 
cle groove 31 is formed perpendicularly with respect to 

•*o respective connection waveguides. When the thin film 
ty pe half-wave plate 32 is in serted in the half-wave plate 
receptacle groove 31 and fixed by optical bond, due to 
difference of refraction indexes between the glass 
waveguide and the optical bond and between the optical 

45 bond and ths half-wave plate, a part of the light propa- 
gated through respective connection waveguides can 
be reflected to return toward the input waveguide side. 
Hereinafter, the light returning to the input waveguide 
side will be hereinafter referred to as reflected return 

so light. For example, a spectrum of the reflected return 
light in the arrayed waveguide grating optical circuit 
shown in Fig. 15, is shown in Fig. 17. From Fig. 17, it 
can be seen that -35 dB of light at the maximum is re- 
flected toward the incident port. The reflected return light 
can provide adverse effect for the system employing this 
device. For example, when the reflected return light re- 
turns io a semiconductor laser, an ojtput intensity of the 
laser may be fluctuated to make the system unstable. 
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[0024] On the other hand, it is possible to reduce the 
reflected return light by obliquely forming the groove 31 
for receiving the X/2 plate with respect to an axis of sym- 
metry, as shown in Figs. 14 and 16. However, in such 
case, the axial symmetry is destroyed to make it impos- 
sible to completely resolve the polarization dependency 
of the optical circuit. 

[0025] The present invention has been worked out in 
view of the shortcoming set forth above. It is therefore 
an object of the present invention to provide a no polar- 
ization dependent waveguide type optical circuit which 
can completely resolve polarization dependency and 
can reduce reflected return light. 
[0026] To achieve trie above objective, the present in- 
vention according to a first aspect provides a no polari- 
zation dependent waveguide type optical circuit, includ- 
ing one . or more input waveguides formed ona sub- 
strate, a fjrst optical coupler connected to the input 

, waveguide, one or more, output waveguides,. a second 
optical coupler connected to the output waveguides, a 
plurality of connecting waveguide connecting the first 
optical coupler and the second optical coupler^ forming 
an optical circuit, and a polarization mode converter pro- 
vided at a center of an optical path of the connecting 

. waveguide of the optical circuit and converting a hori- 
zontally polarized light into a vertically polarized light 
and converting a vertically. polarized light into a horizon- 
tally polarized light, wherein - ., 

intermediate portion of a plurality of the connecting 
waveguide being formed with, S-shaped 
waveguides of the same shape consisted of respec- 
tively two curved waveguides or two curved 
waveguides and straight waveguides connecting 

. , the curved waveguides, and - ... . 

. pne or two polarization mode converters being pro- 
vided in a groove formed across the S-shaped 
waveguide, and a perpendicular line to an. incident 

, . surface of light of. the polarization mode converter 
and the S-shaped waveguide forms an angle great- 
erthanO*., - : 

[0027] According to a second aspect, the invention 
provides a no polarization dependent waveguide type 
optical circuit provided with a polarization mode convert- 
er for converting a horizontally polarized light into a ver- 
tically polarized light and a vertically polarized light into 
a horizontally polarized light at a center of an optical path 
of connecting waveguides of a Mach-Zehnder. interfer- 
ometer optical circuit including a first directional coupler 
and a second directional coupler, in which two optical 
waveguides formed on a substrate are placed close 
proximity with each .other, and two connecting 
. waveguides connecting the first directional coupler and 
the second directional coupler,. wherein 

intermediate portion of the two connecting 
waveguide being . formed .* with - . S-shaped 



waveguides of the same shape consisted of respec- 
tively two curved waveguides or two curved 
waveguides and straight waveguides connecting 
the curved waveguides, and 
one or two polarization mode converters being pro- 
vided in a groove formed across the S-shaped 
waveguide, and a perpendicular line to an incident 
surface of light of the polarization mode converter 
and the S-shaped waveguide forms an angle great- 
« io erthan 0*. 

[0028] According to a third aspect, the invention pro- 
vides a no polarization dependent waveguide type op- 
tical circuit provided with a polarization mode converter 
15 for converting a horizontally polarized light into a verti- 
cally polarized light and a vertically polarized light into 
a . horizontally polarized light at a center of an optical path 
-; of connecting waveguides of a Mach-Zehnder interfer- 
ometer optical circuit including a first multi-mode inter- 
u-.-zo ference coupler and a second multi-mode interference 
-coupler, in which two optical. waveguides formed on a 
- : substratef are placed close proximity with each other, 
and two connecting waveguides connecting the first 
. multi-mode coupler and the second multi-mode coupler, 
r 25 „ .wherein .. . -. ■ 

- intermediate portion of the two connecting 
; _■* waveguide, being formed with S-shaped 
■ waveguides of the same shape consisted of respec- 
30 tively two - curved waveguides or two curved 
,.. waveguides -and straight waveguides connecting 
the curved waveguides, and 
one or two polarization mode converters being pro- 
vided in a groove formed across the S-shaped 
35 . . waveguide, and a perpendicular line to an incident 
surface of light of the polarization mode converter 
and the S-shaped waveguide forms an angle great- 
v erthan 0*.: i ■ : -■ • v 

»40 [0029] According to a fourth aspect, the invention pro- 
vides a no polarization dependent waveguide type op- 
tical circuit wherein, in the second or third aspect, a ther- 
moroptic phase shifter is provided at least one of the 
: connecting waveguides,, and the thermo-optic phase 

• 45 shifter is separated on input side and output side of the 

, polarization mode converter. ■ 

[0030] According to a fifth aspect, the invention pro- 
vides a no polarization dependent waveguide type op- 
tical circuit. including one or more input waveguides, a 
so . first slab waveguide, in which a light propagated through 
,the input waveguide propagates freely, an arrayed 
waveguide consisted of a plurality of waveguides con- 
• nected to the first slab waveguide and provided a given 
optical path length difference respective of adjacent 

• 55 waveguides, a second slab waveguide connected to the 

array waveguide and freely propagating the light prop- 
{ agatedthrough the arrayed waveguide, and one of more 
•-output waveguide for forming an-arrayed waveguide 
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grating circuit, and a polarization mode converter con- 
verting a horizontally polarized light into a vertically po- 
larized light and a vertically polarized light into a hori- 
zontally polarized light being provided in a center of an 
optical path of the arrayed waveguide of the arrayed 
waveguide grating circuit, wherein 

intermediate portion of the arrayed waveguide be- 
ing formed with S-shaped waveguides of the same 
shape consisted of respectively two curved 
waveguides or two curved waveguides and straight 
waveguides connecting the curved waveguides, 
and 

one or two polarization mode converters being pro- 
vided in a groove formed across the S-shaped 
waveguide, and a perpendicular line to an incident 
surface of light of the polarization mode converter 
and the S-shaped waveguide forms an angle great- 
er than 0°. 

[0031] According to a sixth aspect, the invention pro- 
vides a no polarization dependent waveguide type op- 
. tical circuit wherein, in any one of the first to fifth aspect, 
the angle defined between perpendicular line to an in- 
cident surface of light of the polarization mode converter 
and the S-shaped waveguide is in a range of 3 to 10°. 
[0032] According to t seventh aspect? the invention 
provides a no polarization dependent waveguide type 
optical circuit wherein, in any one of the U;ai to sixth as- 
pect, the straight waveguide connecting the curved 
waveguides is tapered varying width irr longitudinal di- 
rection, and the width of the tapered straight waveguide 
becomes maximum at a portion where the polarization 
mode converter is provided. 

[0033] According to a eighth aspect, the invention pro- 
vides a no polarization dependent waveguide type op- 
tical circuit wherein, in any one of the first to seventh 
aspect, the polarization mode converter is a haif-wave 
plate, an optical main axis of the haff-wave plate forms 
45° relative to a waveguide substrate. 
[0034] According to a ninth aspect, the invention pro- 
vides a no polarization dependent waveguide typs op- 
tical circuit wherein, in any one cl the first to eighth as- 
pect, the polarization mode converter is a '.h in *i!m type 
half -wave plate. 

[0035] According to a te.ith espec', the invention pro- 
vides a no polarization dependent waveguide ;ype op- 
tical circuit whersin, in arty one of the first tc ninth as- 
pect, the optical waveguide is a glass optica! waveguide. 
[0036] The above and other objects, tea- u res and ad- 
ventages of the present invention will become more tip- 
parent from the following description of embodiments 
thereof taken in conjunction with the accompanying 
drawings. 

Fig. 1 is a plan view ?howtng a genera! construction 
of an embodiment 1 cf no polarization cepenrlrnt 
waveguide type optical circuit according to the 



present invention; 

Fig. 2 is a section taken along line II - II of Fig. 1 ; 
Fig. 3 is an illustration for explaining operation of 
th 3 embodiment 1 of no polarization dependent 

5 waveguide type optical circuit; 

Fig. 4 is an illustration showing an incident angle 01 
dependency of polarized wave conversion efficien- 
cy by a thin film half-wave plate; 
Fig. 5 is a plan view showing a general construction 

10 < of an embodiment 1 A of the no polarization depend- 
ent waveguide type optical circuit according to the 
present invention ; 

Fig. 6 is a plan view showing a general constr uction 
of an embodiment i A of the no polarization depend- 
*5 enl waveguide type optical circuit employing a ta- 
p3,-ed waveguide; 

>ig 7 is a plan view showing a general construction 
uv an embooiment 2 cv no polarization dependent 
-' waveguide type optical circuit according to the 
20 ? praser.i invention; 

Fic,. C is an illustration showing a reflection spec- 
trum in the emoodimeni 2; 

Figs. 9Aand9Bare illustration showing theconven- 
- liorial Mach-Zehnder interferometer optical circuit, 
25 . <jn which) Fig. 9 A is a plan view and Fig. 9B is a sec- 
- ' tion; - 

" Fig. 10 is an illustration for explaining characteris- 
tics of the conventional Mach-Zehnder interferom- 
eter optical circuit; 

30 Fig. 1*; is a plan vi^vw of asymmetric iVtach-iiehnder 
interferometer optical circuit; 
Fig. i£ is an illustration for explaining characteris- 
tics of the conventional Mach-Zehnder interferom- 
eter optical circuit; 

35 Fig. 1 3 is a plan view of the conventional no polar- 
ization dependent type M&ch Zehnder interferom- 
eter optica! circuit; 

Fig. 14 is a plan view of the Mach-Zehnder interfer- 
ometer optical circuit restricting a reflected return 

40 light; 

Fig. 15 is a plan view of the conventional no polar- 
ization dependent type arrayed waveguide grating 
optical circuit; 

Fig. 16 is a plan view of the arrayed waveguide grat- 
is ing optic&t circuit restricted the reflected return light; 
and 

Fig. 17 is an illustration snowing a reflection spec- 
trum or the conventional arrayed waveguide grating 
optical circuit. 

50 

[Embodiment 1] 

[0037] Fig. 1 is a plan view showing a general con- 
struction of an embodiment 1 of no polarization depend- 
55 ent waveguide type optical circuit according to the 
present invention, and Fig. 2 is a section taken along 
line V. - V. of Fig. 1. 

[0038] In Figs. 1 and 2, the reference numeral 1 de- 
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notes a silicon substrate, 2 denotes a clad, 3 denotes a 
first input, waveguide, 4 denotes a second input 
, waveguide, 5 denotes a first directional coupler acting 
as a first optical coupler, 6 denotes a first output 
waveguide, 7 denotes second output waveguide, 8 de- 
, notes second directional coupler acting as a second op- 
tical coupler, 9 denotes a first connection waveguide, 10 
denotes a second connection waveguide, 11 denotes a 
half-wave plate insertion groove 11,12 denotes a thin 
film typ e ha If- wave plate 12 se rving as a polarization 
mode converter 9A denotes a first developing 
waveguide, 9B denotes a first curved waveguide, 9C de- 
. notes a first straight waveguide, 9D denotes a second 
developing waveguide, 9E denotes a second curved 
waveguide, 9F denotes a second straight waveguide, 
9G and 9H denote thermo-optic phase shifters (thin film 
heater), 1 0A denotes a third developing way eguide 4 10B 
denotes a third curved waveguide,.! 0C. denotes a third 
straight waveguide, 1 0p denotes a fourth developing 
waveguide, -10 E denotes a. Jourth curved waveguide, 
,,10F denotes a fourth straight waveguide, and, in Fig,.2, 
the reference numeral 13 denotes, an optical main axis 
. .13. ; - * - ... 

[0039] , As shown in ,Figs..-1 an.d 2, the no polarization 
dependent waveguide type optical circuit of the embod- 
iment 1 is a Mach-Zehnder interferometer optical circuit 
which is constructed wjth first input, waveguide* 3 and 
second input waveguide. 4 formed in the clad 2 on the 
silicon substrate 1 . the first directional coupler 5 formed 
, ,by placing the first input wayeguide,.3 and the second 
, input waveguide 4 irv proximal with each other, the first 
output waveguide 6 and the second output waveguide 
7, the second directional coupler 8. formed by. placing 
the first output waveguide 6 and the second output 
waveguide 7 in proximal with each other, the first con- 
nection waveguide 9 and the,. second -connection 
, waveguide 10 connecting the first directional coupler 5 
and the second directional coupler 8, the thin film type 
. half-wave plate 12 inserted in the half-wave plate inser- 
tion groove 11 extending through the first connection 
waveguide 9 and the second connection waveguide 1 0. 
Asthe first directional coupler.5 and the second direc- 
tional coupler 8, 3 dB coupler is iised. ; . 
[0040] .The first connection waveguide 9 is construct- 
ed with first developing waveguide 9A connected to the 
-first.directionaf coupler 5, the first curved waveguide 9B 
connected to the first developing waveguide 9A, the first 
straight waveguide 9C positioned between the first 
; curved waveguide 9B and the half-wave p|ate, insertion 
groove 11, the second developing waveguide 9D con- 
nected to the second directional coupler 8, the second 
curved waveguide 9E connected to the second devel- 
oping waveguide 9D and the second straight waveguide 
9F positioned between the second curved waveguide 
9E and the half-wave plate insertion groove .11. '. ■ 
[0041] Similarly, the second connection - waveguide 
10 is constructed with the third developing waveguide 
1 0A connected to the first directional coupler 5,.the third 



curved waveguide 10B connected to the third develop- 
ing waveguide 10A. the third straight waveguide 10C 
positioned between the third curved waveguide 1 0B and 
the half-wave plate insertion groove 11, the fourth de- 

s veloping waveguide 1 0D connected to the second direc- 
tional coupler 8, the fourth curved waveguide 1 0E con- 
nected to the fourth developing waveguide 1 0D and the 
fourth straight waveguide 10F positioned between the 
fourth curved waveguide 10E and the half-wave plate 

10 insertion groove 11. 

[0042] It can be said that the Mach-Zehnder interfer- 
ometer optical circuit of the shown embodiment 1 is di- 
vided by the half-wave plate insertion groove 1 1 into two 
parts, the first curved waveguide 9Band the third curved 

15 waveguide 10B having the same radius and the same 
angle fc* 1 , the second curved waveguide 9E and the 
fourth curved waveguide 10E having the same radius 
. and the same angle but oriented the rotational center 
offsetting from those of the first curved waveguide 9B 
~ 20 * : and the third curved waveguide 10B over 180°, and 
-ithese first, straight waveguide 9C, the third straight 
waveguide 10C, the second straight waveguide 9F and 

- the. fourth straight waveguide 10F are connected. 
[0043] . An S-shaped waveguide formed with the first 

- 25 curved waveguide 9B, the first straight waveguide 9C, 
the second curved waveguide 9E and the second 
straight waveguide 9F at the intermediate portion of the 
first connection waveguide 9 and an S-shaped 
:waveguide formed with the third curved waveguide 1 0B, 
• •30 the- third straight waveguide 10C, the fourth curved 
■ waveguide 10E and the fourth straight waveguide 10F 
at the intermediate portion of the second connection 
waveguide 10 are the same shape and have the optical 
; path length. Therefore, the optical path length difference 
. 35 AL between the first connection waveguide 9 and the 
second connection waveguide 10 is provided by a de- 
. veloping distance of the first developing waveguide 9A, 
the third developing waveguide 10A, the second devel- 

- oping .waveguide 9D and the fourth developing 
40 waveguide 1 0D. 

[0044] ; . Each waveguide is a quartz type optical 
waveguide, As a material for forming the optical 

; waveguide, a fused silica prepared by way of flame hy- 
drolysis deposition is used. As shown in Fig. 2, the sec- 
45 tion is that a core having a section of 7 urn x 7 |im, for 

-example the second straight waveguide 9F and the 

- fourth straight waveguide 1 0F, is embedded at substan- 
tially center portion of a clad 2 of 50 u.m thick deposited 
. on the silicon substrate 1 . A difference of refraction in- 

50 dexes of the clad and the core is 0.75%. •«. 

[0045] On the other hand, as shown in Fig. 1 , the half- 
wave plate insertion groove 11 is formed in the optical 
paths of the first connection waveguide 9 and second 
connection waveguide 10 with its perpendicular lines 
-55 forming, the angle e 1 with the first straight waveguide 
9C, the second straight waveguide 9 F, the third straight 
Lwaveguide 1 0C and the fourth straight waveguide 1 0F, 
-The half -wave plate insertion'groove 1 1 has a dimension 
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of about 30 jtm in width and about 1 00 fim in depth. The 
half -wave plate insertion groove 1 1 is prepared by reac- 
tive ion etching or machining, such as dicing saw. The 
thin half-wave plate 12 inserted into the half-wave plate 
receptacle groove 11 has in-plain double refraction with 
high refraction index in drawing direction The thin film 
type half-wave plate 12 inserted within the half-wave 
plate insertion groove 11 is a film having a thickness 
about 20 u.m formed by unidirectional drawing of poly- 
imide film. The optical main axis 13 is oriented to have 
angle of 45° with the silicon substrate 1 as shown in Fig. 
2. 

[0046] The thin film type half -wave plate 12 inserted 
within the half-wave plate insertion groove 1 1 is fixed by 
an ultraviolet curing or thermosetting optical bond. The 
thin film type half-wave plate 12 is divided into two by 
the first directional coupler 5. Then, the TE mode light 
and TM mode light having wavelength of 1 .55 |im prop- 
agated through the first developing waveguide 9A, the 
first curved waveguide 9B and first straight waveguide 
9C of the first connection waveguide 9 and the third da- 
veloping waveguide 10A. the third curved waveguide 
1 0B and the third straight waveguide 1 0C of the second 
connection waveguide 1 0 are respectively converted in- 
to TM mode light and the TE mode light to rotate the 
polarization surface over 90". The thin film type half- 
wave plate 12 is arranged at the center of respective 
optical paths of the first connection waveguide 9 and the 
second connection waveguide 1 0 to have the same op- 
tica! path length in either mode light. Therefore, polari- 
zation dependency of the Mach-Zehnder interferometer 
optical circuit can be resolved. ... 
[0047] Respective refraction indexes of the thin film 
type half wavelength plate 12 and the optical bond fixing 
the thin film type half-wave plate 12 are generally differ- 
ent. Therefore, the light propagated through the con- 
necting waveguide is reflected on respective boundary 
surface. • ■ . . " : 

[0048] Fig. 3 is an illustration for explaining operation 
of the no polarization dependent waveguide type optical 
circuit of the shown embodiment 1 and shows & result 
of calculation of the reflected return light amount de- 
pending upon the angle 0j formed by the perpendicular 
line to the incident surface of the half -wave plate and 
the waveguide. - . . - 

[0049] The result of calculation shown in Fig. 3 shoves 
the result obtained assuming the dimension of the core 
section of the waveguide is 7 \im x 7 jini, and relative 
refraction index difference of the clad and the core is 
0.75%, and the substance filled in the half-wave plate 
insertion groove 11 is air (refraction index is 1 .0). for- 
mally, at the boundary with the waveguide, bond is filled. 
Since the bond having refraction index close t*.> the re- 
fraction index of the waveguide is used, the reflected 
return light amount becomes the maximum, and the val- 
ue to be actually returned is smaller 
[0050] When th ft angle 0! between the thin filr.j type 
half-wave plate 12 and the straight waveguide portion 



of each connection waveguide is 0°, there is 14.7 dB of 
reflected return light. The reflected return light among 
becomes smaller at greater angle 0.,. For example, 
when the 0 1 is greater than or equal to 5°, the reflected 

5 return light amount becomes greater than or equal to 30 
dB, anc; when 0, is greater than or equal to 8°, the re- 
flected return light amount becomes greater than or 
equal to 60 dB, Accordingly, in only viewpoint of lowering 
of the reflected return light, it is preferred to make the 

10 angle 0 1 as great as possible. However, if the angie 0 1 
becomes excessively great, the polarization conversion 
efficiency of the thin film type half-wave plate 12 is de- 
graded. The relationship between 0 1 and polarization 
conversion efficiency is shown in Fig. 4. As can be seen 

15 -from Fig. 4, when the angle B A is greater than or equal 
tb 1 0 » rri the polarization conversion efficiency becomes 
~' less" than or equal to 99.3% to abruptly degradeno po- 
fV larizatioh dependent efficiency. -Therefore, the prefened 
' range of the angle &^ is 3 to 10°. On the other hand, 

20 with taking the shown construction, the half-wave plate 
insertion groove 11 becomes single to facilitate machin- 
ing oy dicing saw or the like: Such machining is simpler 
in comparison with the formation method by etching or 
' the like to enable fomriation of the groove in shoit period. 

25 Therefore, the shown method is advantageous in view 
point of manufacturing. 

[0051] The shown embodiment is designed at 0 1 = 
'5°. At this time, the reflected return iight to the incident 
port was -39 dB. Comparing the conventional case 
30 where the reflected return light was -22 dB at B A = 0, 
the reflected return light could be lowered about 17 dB. 

" i Embodiment 1 A] ~ 

35 [0052] Fig. 5 is a pian view showing general construc- 
tion of the no polarization dependent waveguide type 
optical circuit of the embodiment 1A according to the 
present invention. The shown embodiment is directed 
to no polarization dependent asymmetric Mach-Zeh- 

40 ' nder interferometer optical circuit as a wavelength filter 
having optical path length difference AL of two connect- 
ing waveguides of several urn Lowering of reflection by 
the thin film half- wave plate is realized by providing the 
first 1 curved wa veguide-9B, firs t straight waveguide 9C, 
the second straight waveguide 9F and second curved 
• waveguide 9E at the centra! portion of the first connec- 
: lion waveguide 9 and by providing the third curved 
waveguide "1GB, the third straight waveguide 10C, the 
•fourth straight waveguide 10F and the fourth curved 

so waveguide 1 0E at the center portion of the second con- 
nection waveguide 1 0. 

Since total length of the first curved waveguide 9B, the 
lirst straight waveguide 9C, the second straight 
waveguide 9F and the second curved waveguide 9E 
i ; s and the total length of the third curved waveguide 1 0B, 
the Jhird straight waveguide 10C, the fourth straight 
.waveguide 10F and fourth curved waveguide 10E are 
equal to each other the optical path length difference AL 
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is provided by the first developing waveguide 9A, the 
third developing waveguide 10A and the second devel- 
oping waveguide 9D ; fourth developing waveguide 10D. 
[0053] Furthermore, by forming the first straight 
waveguide 9C, the third straight waveguide 10C, the 
second straight waveguide 9F and the fourth straight 
waveguide 1 0F in tapered shape as shown in Fig. 6, field 
of waveguide mode as inciding to the thin film type half- 
wave plate 12 can be widen to result in lowering of effi- 
ciency of re-coupling of the reflection light generated by 
the thin film type half : wave plate 12 to the waveguide. 
Namely, by employing the tapered waveguide, the re- 
flection light can be reduced. Also, such tapered 
waveguide is also effective in lowering the excess loss 
by the hatf-waye plate insertion groove 11 In the shown 
embodiment, by widening the core width from 7, u.m to 
the widest 1 2 \im, the reflected return light.can be low- 
ered to -41 dB. in 'comparison wittv the case where the 
core width is not varied^ about 2 dB of reflection-sup- 
pressing effect could be realized. 
[0054] As set forth above, the embodiment 1 , in the 
Mach-Zehnder interferometer optical circuit, by,pjroyid- 
ing the S-shaped waveguide consisted of the two curved 
waveguides and straight waveguides connecting Jhe 
curved waveguide at the intermediate portion of. the con- 
necting waveguides connecting trie first directional cou- 
pler and the second directional coupler, and the half- 
wave plate is inserted in the S-shaped waveguide por- 
tion, the polarization dependency can resolved. Thus, 
the no polarization dependent Mach-Zehnder interfer- 
ometer optical circuit with lowered reflected return light 
can be obtained. In the foregoing embodiment, while di- 
rectional couplers 5 and 8 are employed as optical cou- 
plers forming the Mach-Zehnder interferometer optical 
circuit, multi-mode interference coupler may also be em- 
ployed in place. . 

[Embodiment 2] . " .", 

[0055] Fig. 7 is plan view showing a general construc- 
tion of the no polarization dependent waveguide type 
optical circuit of the embodiment 2 according to the 
present invention. The reference numeral 14 denotes 
an input waveguide cluster, 15. denotes a first slab 
wavegujde, 16 denotes an.output waveguide cluster, 17 
denotes a second slab, waveguide,. ,18. denotes an ar- 
rayed waveguide, 18A denotes \. a first arrayed 
waveguide, 18B denotes a second curved waveguide 
cluster, 1 8C denotes a first straight waveguide cluster, 
1 8D denotes a second waveguide, 1 8E denotes a sec- 
ond curved waveguide cluster, 18F denotes a second 
straight waveguide cluster. , 

[0056] As shown in Fig. 7, the no polarization depend- 
ent waveguide type optical circuit of the second embod- 
iment of the present invention is constructed with the 
input waveguide cluster 14 and the first slab waveguide 
1 5 connected to the input waveguide cluster 14, the out- 
put" waveguide cluster 16, the second slab waveguide 



17 connected to the output waveguide cluster 16, the 
array waveguide 1 8 connecting the first slab waveguide 
1 5 and the second slab waveguide 1 7. and the thin film 
type half-wave plate 12 inserted in the half-wave plate 
5 insertion groove 11 extending through the arrayed 
waveguide 18. 

[0057] The array waveguide 1 8 is constructed with the 
first arrayed waveguide 1 8A connected to the first slab 
waveguide 15, the first curved waveguide cluster 18B 

10 connected to the first array waveguide 18A, the first 
straight waveguide 18C positioned between the first 
curved waveguide flux 18B and the half-wave plate in- 
sertion groove 11, the second arrayed waveguide 18D 
connected to the second slab waveguide 17, the second 

15 curved waveguide cluster 18E connected to the second 

- arrayed waveguide 1 8D, the second straight waveguide 
cluster. 18F positioned between the second curved 
waveguide cluster 18E and the half -wave plate insertion 
groove 11. 

20, , [0058] Respective connection points between the first 
. . .arrayed w aveguide 18A a nd the first curved waveguide 
■:■ cluster 18B a nd between the first curved waveguide 
,. cluster. 1 8B and the first straight waveguide cluster 1 8C, 
.. and respective connection points between the second 
25 arrayed waveguide . 18D and the second curved 
. wavegujde cluster 18E and between the second curved 
^waveguide r cluster : . 18E and the second straight 
waveguide cluster 18F,are located in alignment on a line 
.: parajlel to the .half-wave plate insertion groove 11 and 
. 30 A .the thin film type half-wave plate 1 2. On the other hand, 
-the. . half-wave plate insertion groove 11 is formed by 
etching or machining such as dicing saw or the like. 
. [0059] The arrayed waveguide grating optical circuit 

- of the shown embodiment 2 has a construction for re- 
35 ducing the reflected return light from the thin film type 

half-wave plate: -12 in the same method as the Mach- 
Zehnder interferometer optical circuit of the embodi- 
ment 1 . Namely,, by separating the arrayed waveguide 
grating optical circuit shown in Fig. 9 by the half -wave 
40 r plate insertion, groove 11, and the separated compo- 
. nentS' are connected by the S-shaped waveguide con- 
. sisted of the first curved waveguide cluster 1 8B, the sec- 
ond curved waveguide cluster 1 8E and the first straight 
waveguide 1 8C and the second straight waveguide 1 8F. 
45 [0060] The curved .waveguides forming the first 
.. curved waveguide cluster. 18B and the second curved 
waveguide cluster 1 8E have the same curve radius and 
. angle © 2 > ana " tne curve of the first curved waveguide 
cluster 18B and the., curve of the second curved 
50 waveguide cluster 1 8E are differentiated the orientation 
, of .rotational center over 180°. On the other hand, 
straight waveguides forming the first straight waveguide 
cluster .1 8C and the second straight waveguide cluster 
,18F have the same length, and their perpendicular lines 
55 ,f prm the same angle e 2 with the ha If- wave plate inser- 
tion grpove.11 and thin film type half-wave plate 12. 
, Namely, each waveguide disposed between the first ar- 
rayed i; waveguide 18A and the second arrayed 
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waveguide 18D are all have the same S-shaped config- 
uration and have the same optical path lengths. Accord- 
ingly, each waveguide of the arrayed waveguide 1 8 dis- 
posed between the first slab waveguide 1 5 and the sec- 
ond slab waveguide 17 have the optical path length dif- 
ference AL with adjacent waveguide to have the same 
characteristics as the arrayed waveguide grating optical 
circuit shown in Fig. 14. 

[0061] The angle e 2 between the perpendicular line 
of the thin film type half-wave plate 12 and each straight 
waveguide forming the first straight waveguide cluster 
and the second straight waveguide cluster 18F is pre- 
ferred to be in a range of 3 to 1 0° as in the embodiment 
1 . The shown embodiment is defined to have the angle 
© 2 = 5° . In this case, reflection spectrum of the arrayed 
waveguide grating optical circuit is shown in Fig. 8. The 
reflection is -50 dB at the maximum. In comparison with 
-35 dB of the prior art, 15 dB of reflection suppression 
could be realized. With taking the shown construction, 
the half-wave plate insertion groove 11 becomes single 
to facilitate machining by dicing caw or the; like. Such 
machining is simpler in comparison with the formation 
method by etching or the like to enable formation- of the 
groove in short period. Therefore, the shown method is 
advantageous in view point of manufacLuring/ 
[0062] As set forth abovo, wiih the shown embodi- 
ment 2, in the arrayed waveguide grating optical circuit, 
it becomes possible to obtain the no polarization de- 
pendent waveguide type optical circuit, 'in which The S- 
shaped waveguides of the same shape consisted of two 
curved waveguides and straight waveguides connect- 
ing the curved waveguides are provided at the interme- 
diate portion of the arrayed waveguide between the first 
slab waveguide and the second slab waveguide, and 
the half- wave plates are inserted in the £ -shaped 
waveguide portion to resolve polarization dependency 
and tc reduce reflected return light. 
[0063] Although the present invention has been illus- 
trated and described with respect to exemplary embod- 
iment thereof, it should be understood by those skilled 
in the art that the foregoing and various other changes, 
omission and additions may be made therein and there- 
to, without departing from the spirit and scope of the 
present invention. Therefore, the present ' invention 
should not be understood as limited to the specific em- 
bodiment set out above but to include all possibie em- 
bodiments which can be embodied within a scope en- 
compassed and equivalent thereof with respect to the 
feature set out in the appended claims. For instance, 
while the half-wave plate insertion groove 11 is formed 
across the straight waveguide in the S-shaped wave 
guide in the embodiment 1 and the embodiment 2, the 
S-shaped waveguide may also be formed only with the 
curved waveguides omitting the straight waveguides 
and the ha If- wave plate insertion groove 1 T may be pro- 
vided at the joint portion between the directly connected 
curved waveguides. Also, in the shown embodiments, 
while the thin film type half-wave plate \2 is inserted at 



physical center point of the optical circuit since the 
shown embodiment of the optical circuit has a symmet- 
rical structure with respect to the direction for propagat- 
ing the light. However, as shown in Fig. 7, the thin film 

5 type haif-wave plate 12 may not cause optical charac- 
teristics even if it is moved in parallel in lateral direction 
as long as the region in the S-shaped waveguide 18. 
Therefore, it is not essential feature of the present in- 
vention to place the half-wave plate insertion groove 11 

10 and the thin film type half-wave plate 1 2 at physical cent- 
er point in the optical circuit. 

[0064] The present invention has been described in 
detail with respect to preferred embodiments, and it will 
now be apparent from the foregoing to those skilled in 
*s the art that changes and modifications may be made 
without departing from the invention in its broader as- 
pects, and it is the invention, therefore, in the appended 
claims to cover all such changes and modifications as 
' fall witfiin the true spirit of the invention. 

Ciai.ns . - 

i . A no polarization dependent waveguide type optical 
£5 ■ circuit including one or more input waveguides (3), 
(4) formed on a substrate, a first optical coupler (5) 
connected to said input waveguide (3), (4); one or 
more output waveguides (6), (7), a second optical 
coupler (B) connected to said output waveguides 
30 ! - (6), (7), a plurality of connecting waveguide (9), (10) 
connecting said first optical coupler (5) and said 
second optical coupler (6) forming an optical circuit, 
and a polarization mode converter (12) provided at 
a center of an optical path of said connecting 
35 waveguide of said optical circuit and converting a 
horizontally polarized light into a vertically polarized 
light and converting a vertically polarized light into 
a horizontally polarized light, 
characterized in that 

40 ' 

-' intermediate portion of a plurality of said con- 

necting waveguide (9), (1 0) being formed with 
S-shaped waveguides of the same shape con- 
■ sisted of respectively two curved waveguides 
« ''■ - (9B), (9E), (10B)i (10E) or two curved 
waveguides and straight waveguides (9C), 
> (3F) t (10C), (i OF) connecting said curved 
waveguides, and 

one polarization mode converter (12) being 
50 provided in a groove (11) formed across said 

S-shaped waveguides, and a perpendicular 
line to an incident surface of light of said polar- 
ization mode converter (12) and said S-shaped 
waveguide forms an angle greater than 0°. 

55 

2. A no polarization dependent waveguide type optical 
circuit provided with a polarization mode converter 
(12) for converting a horizontally polarized light into 
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a vertically polarized light and a vertically polari7ed 
light into a horizontally polarized light at a center of 
an optical path of connecting waveguides of a 
Mach-Zehnder interferometer optical circuit includ- 
ing a first directional coupler (5) and a second di- . 5 
rectional coupler (8), in which two optical 
waveguides formed on a substrate are placed close 
proximity with each other, and two connecting 
waveguides connecting said first directional coupler 
(5) and said second directional coupler (8), io 
characterized in that 

intermediate portion of said two connecting 
waveguide being formed with S-shaped 
waveguides of the same shape consisted of re- is 
spectively two curved waveguides or two 
curved waveguides and straight waveguides 
connecting said curved waveguides, and 
one polarization mode converter being provid- 
ed in a groove formed across said S-shaped y 20 
waveguides, and a perpendicular line to an in- 
cident surface of light of said polarization mode 
converter and said S-shaped waveguide forms 
an angle greater than 0°. 

3. A no polarization dependent waveguide type optical 
circuit provided with a polarization mode converter 
(12) for converting a horizontally polarized light into 
a vertically polarized light and a vertically polarized 
light into a horizontally polarized light at a center of .30 
an optical path of connecting waveguides of a 
Mach-Zehnder interferometer optical circuit includ- 
ing a first multi-mode interference coupler (5) and 

a second multi-mode interference coupler (8), and 
two connecting waveguides (9), (10) connecting -35 
said first multi-mode coupler (5) and said second 
multi-mode coupler (8), 
characterized in that 

intermediate portion of said two connecting 40 
waveguide being formed with S-shaped 
waveguides of the same shape consisted of re- 
spectively two curved waveguides or two 
curved waveguides and straight waveguides 
connecting said curved waveguides, and . i? 
one polarization mode converter being provid- 
ed in a groove formed across said S-shaped 
waveguides, and a perpendicular line to an in- 
cident surface of light of said polarization mode 
converter and said S-shaped waveguide forms so 
an angle greater than 0°. 

4. A no polarization dependent waveguide type optical 
circuit as claimed in claim 2 or 3, characterized in 
that a thermo-optic phase shifter (9G), (9H) is pro- ,55 
vided at least one of said connecting waveguides, 
and said thermo-optic phase shifter is separated on 
input side and output side of said polarization mode 



converter. 

5. A no polarization dependent waveguide type optical 
circuit including one or more input waveguides (14), 
a first slab waveguide (15), in which a light propa- 
gated through said input waveguide (14) propa- 
gates freely, an arrayed waveguide (18) consisted 
of a plurality of waveguides connected to said first 
slab waveguide (15) and provided a given optical 
path length difference respective of adjacent 
waveguides : a second slab waveguide (17) con- 
nected to said array waveguide (18), and one or 
more output waveguides (1 6)f or forming an arrayed 
waveguide grating circuit, and a polarization mode 
converter (12) converting a horizontally polarized 
light into a vertically polarized light and a vertically 
polarized light into a horizontally polarized tight be- 
ing provided in a center of an optical path of said 
arrayed waveguide of said arrayed waveguide grat- 
ing circuit, characterized in that 

intermediate portion of said arrayed waveguide 
(18) being formed with S-shaped waveguides 
of the same shape consisted of respectively 
two curved waveguides (18B), (18E) or two 
curved waveguides and straight waveguides 
(18C), (18F) connecting said curved 
waveguides, and 

one polarization mode converter (12) being 
provided in a groove (11) formed across said 
S-shaped waveguide, and a perpendicular line 
to an incident surface of light of said polariza- 
tion mode converter and said S-shaped 
waveguide forms an angle greater than 0°. 

6. A no polarization dependent waveguide type optical 
circuit as claimed in any one of claims 1 to 5, 
characterized in that the angle defined between 
perpendicular line to an incident surface of light of 
said polarization mode converter and said S- 
shaped waveguide is in a range of 3 to 1 0°. 

7. A no polarization dependent waveguide type optical 
circuit as claimed in any one of claims 1 to 6, 
characterized in that said straight waveguide con- 
necting said curved waveguides is tapered varying 
width in longitudinal direction, and the width of the 
tapered straight waveguide becomes maximum at 
a portion where said polarization mode converter is 
provided. 

8. A no polarization dependent waveguide type optical 
circuit as claimed in claim any one of claims 1 to 7, 
characterized in that said polarization mode con- 
verter is a half-wave plate, an optical main axis of 
said ha If- wave plate forms 45° relative to a 
waveguide substrate. 
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9. A no polarization dependent waveguide type optical 
circuit as claimed in any one of claims 1 to 8, 
characterized in that said polarization mode con- 
verter is a thin film type half-wave plate. 

5 

10. A no polarization dependent waveguide type optical 
circuit as claimed in any one of claims 1 to 9, 
characterized in that said optical waveguide is a 
glass optical waveguide. 

w 
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